We studied the temporal patterns of maturation and sexual receptivity of a subsocial spider, Anelosimus cf. jucundus, in southern Arizona. In subsocial spiders, sibling males and females share a common nest for a large portion of their life cycle, often only dispersing short distances close to the mating season. We found that, on average, male A. cf. jucundus matured 9 days earlier than females and that females did not become sexually receptive until 10 days following their final molt to maturity. The periods of sexual receptivity of sibling males and females, therefore, would be separated in time by a significant fraction of an adult male's life cycle. We also found significant asynchrony in maturation dates across nests and nest clusters at the two collection localities. We suggest that these temporal patterns may limit the opportunities for sibling males and females to mate with each other, thus explaining the apparent absence of mechanisms to discriminate against kin as mates in this species.
Introduction
Matings between close relatives can lead to reduced offspring fitness due to the expression of deleterious recessive alleles inherited from both parents (Charlesworth and Charlesworth 1987; Bartlet and Charlesworth 1991; Pusey and Wolf 1996) . The potential for sexual encounters between siblings will depend on the spatial and temporal patterns of dispersal, maturation, and sexual receptivity of sibling males and females (Pusey 1987; Pusey and Wolf 1996) . Spatial segregation of male and female siblings can effectively limit their rate of encounter (Waldbauer and Sternburg 1979; Clutton-Brock 1989) . Alternatively, encounters could be limited by temporal segregation of male and female siblings resulting from asynchronous maturation of the sexes within families (Pusey and Wolf 1996) . In the absence of either spatial or temporal segregation of siblings, kin recognition and discrimination against kin as mates may be necessary to prevent close inbreeding (Pusey and Wolf 1996) .
Here we examine whether temporal differences between the sexual activities of males and females in a subsocial spider may serve to limit mating between siblings. The species we studied, which we refer to as Anelosimus cf. jucundus, is taxonomically close to Anelosimus jucundus O.P. Cambridge, 1896 (I. Agnarsson, personal communication) . It occurs in riparian habitats in southern Arizona (see Avilés and Gelsey 1998) . The social system and philopatry characteristic of this species contribute to low spatial segregation of siblings, which, in the absence of temporal segregation, could result in siblings encountering one another at the time of mating. Following a period of maternal care, sibling male and female A. cf. jucundus remain together in their natal nest until close to sexual maturation (Avilés and Gelsey 1998) . During this period, siblings participate in communal prey capture and feeding (Avilés and Gelsey 1998) . All clutchmates eventually disperse. Dispersal distances, however, are notably short, with individuals becoming established only a few centimetres to a few metres from the natal nest (Avilés and Gelsey 1998) . The potential exists, therefore, for siblings to encounter one another once the sexually mature males initiate breeding dispersal.
We have made two observations that appear paradoxical in the light of the low spatial segregation of clutchmates. On the one hand, we have found that males and females show no evidence of discrimination between siblings and nonsiblings as mates (T.C. Bukowski and L. Avilés, in preparation) . Siblings will mate and produce offspring. On the other hand, we have found that these inbred offspring suffer inbreeding depression (L. Avilés, T.C. Bukowski, and S. Kenyon, unpublished data) . The latter result suggests that mating among close relatives does not occur regularly in this species, as inbreeding depression is expected to diminish under chronic inbreeding (e.g., Waller 1993) .
We thus examined the possibility that temporal differences between the sexes in time of maturation and onset of sexual receptivity, along with asynchronous maturation among families, may serve to reduce the likelihood of siblings encountering one another at the time of mating. Asynchronous development of the sexes and across families may occur for reasons other than inbreeding avoidance, but still have the effect of reducing inbreeding. We note, however, that asynchronous development of male and female functions is a common mechanism of inbreeding avoidance in plants (e.g., GarnockJones and Molloy 1982; Holtsford and Ellstrand 1992) , and has occasionally also been attributed to animals (reviewed in Pusey and Wolf 1996) .
Materials and methods
The details of spider biology make them ideal subjects for examining sexual differences in the timing of sexual maturation and receptivity. Time of sexual maturation is easy to determine in horizontal studies via the presence of the shed exoskeleton and well-developed secondary sexual characters. Sexual receptivity, or willingness to mate, is usually overt for both males and females. Males typically show conspicuous courtship (Foelix 1996) , while females must often adopt specific acceptance postures necessary for copulation (Robinson and Robinson 1980) . Nests of A. cf. jucundus were collected from a population at Garden Canyon in the Huachuca Mountains, a semi-arid riparian area in southeastern Arizona. To ensure that the nests contained intact clutches, collection took place 8-10 weeks ahead of the dispersal season (5 March 1999), when the nests contained spiders three to four instars prior to maturity. The nests of this species are naturally clustered in groups of up to a few dozen nests (Avilés and Gelsey 1998) . Typical distances among nests in a cluster range from 0.1 to 7.2 m (median = 0.9 m; Avilés and Gelsey 1998), while distances among nest clusters may range from 12 to 420 m (median = 55 m; Avilés and Gelsey 1998; this study). Our sample consisted of 35 nests, 17 and 18 nests collected from each of two localities. The two locations were 3.2 km apart along a road traversing the canyon. The nests belonged to 11 clusters, with 1-8 nests collected per cluster. At each locality the nests were numbered and their position relative to other collected nests was mapped. From these nests, 528 spiders matured. In addition to the studies reported here, these spiders were used to test for inbreeding depression and for discrimination against kin as mates (L. Avilés and T.C. Bukowski, in preparation) .
Nests were initially kept in 4-L plastic containers in the laboratory. Once the animals molted to the penultimate instar they were separated and placed individually in 100-mL plastic containers with perforated plastic lids. The instar of each spider was recorded and all subadult individuals were examined daily for molting. The date on which males and females molted to adulthood was recorded. The spiders were fed ad libitum twice weekly on a diet of house flies (Musca domestica), fruit flies (Drosophila melanogaster), and walnut flies (Rhagoletis juglandus) and kept in a common room under a light:dark schedule set to match local conditions. Because all animals were treated identically, any differences in maturation time should reflect the age and instar of the spiders at the time of collection and any intrinsic physiological differences between males and females. Other studies have shown that intrinsic differences in maturation rates between the sexes are robust to a variety of environmental conditions (e.g., Gunnarsson and Johnsson 1990) .
To test for differences in time to maturity between males and females and among nests and nest clusters, we used a nested analysis of variance with sex and location as factors, nests nested within nest clusters, and the latter nested within each of the two locations. In these analyses, 15 spiders from 4 nests in which only members of one sex matured were excluded. Relative times to maturity for each animal were calculated from the date the first animal molted to adulthood (day 0). To test whether sexual receptivity of both sexes relates to age, we staged encounters between spiders of different ages. We define age as the number of days elapsed since molting to adulthood at the time of the encounter. The earliest age at which males were presented to females was 4 days, to ensure that males would have a full complement of sperm within their pedipalps. This, combined with the fact that males mature before females (see Results), resulted in males being older than females at the time of mating (males: 13.37 ± 0.59 days (mean ± SE), range = 4-34 days, n = 158; females: 7.94 ± 0.47 days, range = 1-36 days; n = 218).
Procedures for staged encounters
Encounters between males and females were staged in the laboratory; they were initiated between 18:00 and 22:00 (when A. cf. jucundus typically begin sexual activities; unpublished data) and observed under a red light with the occasional aid of a flashlight. Between 4 and 62 encounters were staged simultaneously on any given night over a period of 19 nights, with numbers of pairs randomly distributed across nights. Likewise, mean female age and the percentage of females aged 10 days or more were not significantly correlated with the number of encounters staged on a given night (R 2 = 0.07, n = 19, F [1, 17] = 0.07, p = 0.79, and R 2 = 0.02, n = 19, F [1, 17] = 0.29, p = 0.60, respectively). Encounters were initiated by placing the male at the edge of the female's web, then covering the container with fine mesh. Containers were placed at least 5 cm from one another along a table and two benches in the laboratory. We recorded the ages of the female and male, occurrence of male courtship, the female's acceptance posture, occurrence of copulation, and latency to copulate. Male courtship was defined as tarsal rubbing with the first pair of legs on the female's web sustained for longer than 10 s (following Robinson and Robinson 1980) . A female exhibited an acceptance posture by flexing leg pairs I and II, drumming her palpi on the web, and tilting her ventrum towards the male. Copulation was defined as beginning with the insertion of a single palp for longer than 15 min and ending when the palp was removed. Male A. cf. jucundus typi-cally copulate twice with a given female, once with each palp. Once males were placed with females, all animals were continuously scanned visually by observers. All observations were done blind with respect to the age of the spiders.
Each encounter was observed until the pair had mated or for at least 6 h if mating had not occurred. Six hours is the typical period that males remain with females in the field (B. Klein, T.C. Bukowski, and L. Avilés, in preparation). If courtship occurred in the fifth hour of observation or later, observations were continued until courtship had not occurred for 1 h. After an encounter was terminated, the subjects were returned to their individual containers. If mating had not occurred and females were to be retested, they were presented with another male 2-5 days later. Virgin females were used for all encounters.
All summary statistics of continuous variables are reported as the mean ± SE.
Results

Timing of maturation
We found considerable differences between the sexes and among nests and nest clusters in relative timing of maturation (Table 1) . Male spiders matured, on average, 9.4 days before females (males: 40.1 ± 0.8 days, n = 282; females: 49.5 ± 0.8 days, n = 246). Mean relative maturation dates also differed across nests and across nest clusters (Table 1) . A significant interaction between sex and nest identity or sex and nest cluster indicated that both nests and nests clusters varied in how much earlier males matured than females. These results suggest that at the two locations the spiders would have had a greater opportunity to mate with members of other nests than with members of their own nest. The two locations showed the same overall trend towards earlier maturation of males, however, as indicated by a nonsignificant interaction between sex and location ( Table 1) .
Timing of sexual receptivity
Female sexual attractiveness, as indicated by the likelihood of male courtship, and female receptivity, as indicated by the likelihood of female acceptance and copulation when courted, increased with female age (Fig. 1) . Using both male and female age as predictors, logistic regression showed that female age was a significant predictor of courtship (χ 2 = 16.59, p < 0.0001, n = 421). Considering only those females that were courted, female age was a significant predictor of female acceptance posture (χ 2 = 33.71, p < 0.0001, n = 294) and copulation (χ 2 = 35.19, p < 0.0001, n = 294). A male's age, in contrast, was not significantly related to his motivation to mate or a female's willingness to mate (courtship: χ 2 = 0.27, p = 0.60; acceptance posture: χ 2 = 1.95, p = 0.17; copulation: χ 2 = 2.54, p = 0.11). To determine whether these trends reflected female age per se, as opposed to female experience, we repeated the analyses using only the first encounter for a particular female. We found that inexperienced older females were still more attractive and receptive than inexperienced younger females. Using only the females' first encounter (n = 218), and female and male age as predictors, we found that female age was a significant predictor of the likelihood of courtship (χ 2 = 13.89, p = 0.0002) and, for those females that were courted (n = 178), the likelihood of acceptance (χ 2 = 16.95, p < 0.0001) and copulation (χ 2 = 15.81, p < 0.0001). Again, male age did not significantly predict the likelihood of courtship (χ 2 = 0.01, p = 0.94), or, for those females courted, female acceptance posture (χ 2 = 2.49, p = 0.11) or copulation (χ 2 = 1.52, p = 0.22). When only the first encounters for males were used, female age significantly influenced all three variables, but male age did not (all p > 0.15).
Age of the female was also related to the latencies with which males courted and females responded. Older females were courted sooner (F [1, 297] = 8.62, p = 0.0036, n = 299, R 2 = 0.03), and those courted responded more quickly to courtship with an acceptance posture and copulation, than younger females (F [1, 200] = 33.27, p < 0.0001, n = 202, R 2 = 0.14). Overall, females that mated were significantly older than females that did not mate (10.37 ± 0.42 days, n = 201, and 6.48 ± 0.44 days, n = 185, respectively; F [1, 384] = 41.05, p < 0.0001). Considering only the females' first encounter, females that mated were also significantly older than females that did not mate (10.37 ± 0.54 days, n = 131, and 4.28 ± 0.66 days, n = 87, respectively; F [1, 216] = 50.50, p < 0.0001).
Discussion
We found significant differences in the timing of maturation Note: Analyses exclude 15 animals from nests in which only members of one sex were processed (R 2 = 0.296, n = 513 spiders). Table 1 . Effect of sex, location, nest cluster, and nest on time to maturity (days elapsed from the time of collection to the final molt) in the spider Anelosimus cf. jucundus from Garden Canyon, Arizona.
and sexual receptivity of male and female A. cf. jucundus. These differences, combined with significant asynchrony in maturation times across nests and nest clusters (Table 1) , may limit the opportunity for sibling males and females of this subsocial spider to mate with each other. It is not clear whether these patterns reflect mechanisms evolved for the purpose of inbreeding avoidance or are in place for other reasons and would only secondarily limit inbreeding. Nonetheless, their presence may explain the apparent absence of mechanisms to discriminate against kin as mates observed in this species (T.C. Bukowski and L. Avilés, in preparation) .
The absence of such mechanisms appears paradoxical, given the low spatial segregation of sibling males and females following natal dispersal (Avilés and Gelsey 1998) and the strong inbreeding depression observed in this spider species when siblings are experimentally paired (L. Avilés, T.C. Bukowski, and S. Kenyon, unpublished data). We found that even though males mature in the same instar as females (Avilés and Gelsey 1998) , they do so about 9 days before females. At the same time, female sexual receptivity increases with age, so females become receptive, on average, 10 days following maturation. Given that males are probably receptive by 2 days following the molt to adulthood (unpublished data), 17 days, on average, span the onset of sexual receptivity of males and females from a given natal nest. It is not known how long individual adult males survive under natural conditions, but the time interval between the time when the first males molt to adulthood and the time when the last males disappear is about 60 days (Avilés and Gelsey 1998) . Seventeen days thus seems to be a considerable portion of an adult male's life under field conditions and is comparable to the life expectancy of males of other web-building spiders with an annual life cycle (e.g., Bukowski and Christenson 1997) .
Female age was correlated not only with female receptivity but also with male motivation to mate with a particular female, as indicated by a greater likelihood of courtship with older females (Fig. 1) . In a separate field experiment we found that when adult males set out in search of females they preferentially visit the webs of adult females, with penultimate-instar females rarely being visited (B. Klein, T.C. Bukowski, and L. Avilés, in preparation). These laboratory and field observations suggest that females may emit an agerelated sexual signal which attracts males and elicits courtship, as is known in other spiders (Suter and Renkes 1982; Prenter et al. 1994) . Consistent with this suggestion, we have found that the number of male and female pairs introduced in the laboratory on any given night of staged encounters was highly correlated with the percentage of courting males, as would be the case if an airborne pheromone stimulated courtship (T.C. Bukowski and L. Avilés, in preparation) . Given the asynchrony in maturation dates across nests, an airborne pheromone that attracts males from a distance would further reduce the likelihood of siblings mating with each other: males of reproductive age would be drawn away from their younger, non-receptive female siblings and towards the nests of older, sexually receptive nonsibling females.
We make no claims concerning the selective forces underlying the origins and maintenance of differential timing of maturation and sexual receptivity in this subsocial spider. , and copulating (C) for Anelosimus cf. jucundus (all R 2 > 0.50, all p < 0.0001 on arcsine-transformed proportions). For these analyses we grouped female ages from all encounters into 22 groups representing each day of age until day 21, and all individuals aged 22 days and older. For the percentages of females that exhibited the acceptance posture and copulated, only females that were courted were used.
